m HISTORICAL PERSPECTIVE
Massive rotator cuff defects lead to a loss of dynamic glenohumeral stabilization and to an anterosuperior displacement of the glenohumeral center of rotation. The extent of displacement of the center of rotation depends on:
• number of tendons affected and their degree of involvement,
• extent of atrophy of the intact muscles 4, 5, 24 • structural integrity of the coracoacromial arch, and • extent and direction of the accompanying glenoid destruction.
The anterosuperior displacement and the instability of the center of rotation cause a mechanical disadvantage for the deltoid muscle.
We have modified the purely descriptive, morphologic classification of Farvard et al 3 and established a functional and biomechanical classification of defect arthropathies into 4 types 30, 31 (Figs. 1A to 1D; Table 1 ). The influence of the center of rotation on the lever arm of the deltoid muscle in abduction is shown (blue bar: lever arm of the deltoid muscle; red line: pull of the deltoid muscle; Z = center of rotation). The 4 types are:
2) Ib: no superior migration of the center of rotation; significant medial glenoid erosion with medialization of the center of rotation. 3) IIa: superior migration of the center of rotation, limited joint stability assured by intact coracoacromial arch. 4) IIb: superior migration of the center of rotation, anterosuperior instability.
For defect arthropathies, the use of conventional Banatomic^prostheses leads at best to a certain alleviation of pain. Nonreconstructed or irreparable rotator cuffs and a damaged coracoacromial arch regularly lead to poor functional results. 7, 13, 15, 27, 28 Constrained prostheses introduced at the end of the 70s and the beginning of the 80s have been abandoned.
Neither hemiarthroplasties nor bipolar prostheses allow a sufficient caudal and medial relocation of the center of rotation and its maintenance. 2, 6, 20, 22, 23, 25, 26, 29 This, however, is necessary to optimize the function of the deltoid. Even if the normal center of rotation has been restored, the functional results are not as good as those with reverse prosthesis. The implantation of hemiprostheses or bipolar prostheses in patients with normal glenoid anatomy but with massive rotator cuff defects and inadequate coracoacromial arch leads to an anterosuperior displacement with a poor functional result. Therefore, these prostheses can perhaps be of help for type I defect arthropathies accompanied by a central glenoid erosion (type Ib of our classification). The use of oversized humeral heads for hemiarthroplasty leads to a lateralization of the center of rotation that causes a deterioration of the lever arm and the moment of rotation of the deltoid muscle. Only constrained prostheses can prevent this displacement; however, the acting shear forces rapidly cause a glenoid loosening. 13Y15,19 The reverse prosthesis abandons the principle of an anatomic joint reconstruction. The deltoid muscle is used for abduction and flexion and at the same time provides a dynamic stability because of the inverse joint geometry (Fig. 2) .
The reverse shoulder prosthesis (Delta3A), first described by Grammont and Baulot 6 in 1993, restores the center of rotation to its stable medial and caudal position. This restoration is independent of the condition of the defect and the degree of insufficiency of the rotator cuff thanks to a reversal of the concave-convex relationship of the joint partners (glenoid = metal hemisphere, humeral head = polyethylene [PE] cup; Fig. 3 ). This improves the power of the deltoid, allowing a movement of the shoulder by this muscle alone. Therefore, a prerequisite for the implantation of the reverse prosthesis is a structurally and neurologically intact deltoid muscle.
In a broader sense, we deal with a semiconstrained prosthesis. The play between the joint partners is called, by Grammont and Baulot, Bcoadaptation,^as the degree of conformity of the joint surfaces and their movements depends on the degree of abduction (Fig. 4) . The deltoid muscle can exert its optimal effect through the entire range of the glenohumeral motion. The DeltaA prosthesis causes a caudalization and medialization of the center of rotation and, thus, improves the lever arm and the moment of rotation, particularly at the beginning of abduction. According to Grammont and Baulot, 6 1 cm of caudalization and medialization increases the moment of rotation by 20Y30%. The inversion of concave-convex relations at the shoulder joint allows changing the direction of centrifugal forces of the deltoid normally acting on the center of rotation into centripetal forces acting on glenoid and scapula. 6 The anterior-superior (ie, superior) approach is a good alternative in shoulder arthroplasty, especially if a perfect exposure of the glenoid is a critical issue of the operative procedure. 9 If, additionally, the superior cuff is deficient, it is a simple way to reach the glenohumeral joint without detaching important residual rotator cuff tendon insertion; saving the residual insertion of the subscapularis makes a laborious reinsertion of the subscapularis tendon unnecessary. This yields significant additional anterior stability and helps to prevent anterior dislocation of the humerus in the critical position of adduction and extension of the glenohumeral joint, where the coadaptation of the reversed prosthesis only supplies minimal congruency and both parts of the arthroplasty only have line contact. The anterior and posterior capsular release is not too difficult from the inside. Sometimes in stiff shoulders with shortened inferior capsular-ligament complex, as well as for larger inferior osteophytes, the exposure and release could be difficult. With appropriate instruments through this approach, the reverse total shoulder arthroplasty could be carried out in a minimally invasive technique. On the opposite site, a deltoid split that is carried out too far distally could damage the axillary nerve running around the proximal humerus. 8 Also, the approach to the humeral shaft is nearly impossible, if, for example, it is necessary because of an accidental intraoperative diaphyseal fracture or for removal of the humeral component in revision cases. Furthermore, the axillary nerve could not be visualized as well at the axillary recess as through a deltopectoral (ie, anterior) approach for shoulder arthroplasty. Secondary detachment of the anterior deltoid muscle is also a possible risk factor and could cause loss of an important anatomic structure of the procedure. Therefore, meticulous detachment and refixation of the anterior deltoid are critical steps of the operation.
m INDICATIONS
Cuff tear arthropathy type IIb according to our classification includes all affections in which the glenohumeral joint is either destroyed or degenerated and accompanied by a massive, irreparable tear of the cuff. The underlying etiopathology is of no crucial importance to the surgical indication. Only the degree of decentralization and loss of stability of the glenohumeral center of rotation are of prime importance.
The most important etiopathologies are:
• primary cuff tear arthropathy,
• rheumatoid or psoriatic arthritis with extensive cuff defect,
• cuff arthropathy after attempted reconstruction of the rotator cuff,
• mutilating rheumatoid arthritis, and • crystal-induced arthropathy (Milwaukee shoulder).
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Relative Indications
Type II is a defect arthropathy taking the individual functional demands and the patient's age into consideration. Older patients (970 years) and patients with high functional demands, for example, patients with contralateral hemiparesis, should be treated with a reverse prosthesis rather than with a conventional hemiprosthesis.
Revision of conventional prosthesis with anterosuperior instability and an irreparable cuff defect affecting the function.
Contraindications
Structural or Neurogenic Lesion of Deltoid Muscle. Advanced glenoid destruction without sufficient bone stock for anchorage of the metaglene. This means in general a central erosion extending over the medial base of the coracoid (Fig. 5 ).
Type Ib Defect with Massive Central Glenoid Erosion.
Relative Contraindications
Age G65 years. 
Anesthesia and Positioning
General anesthesia in combination with an interscalene block (single use or catheter); in high-risk patients interscalene block alone.
Beach-chair position, upper body angled by 60-. Position of arm at the edge of the table, or using a table with a special gap allowing the shoulder to be hyperextended and adducted.
m SURGICAL TECHNIQUE Eight cm long skin incision over the anterosuperior aspect of shoulder (a). Longitudinal splitting of deltoid between clavicular and acromial parts (generally recognizable by a fat streak), starting from the acromioclavicular joint in a distal direction initially for 4 cm. The muscle and fascia insertions of the deltoid are detached subperiosteally from the acromion (b). The coracoacromial ligament is detached as close to the acromion as possible, preferably with a bony chip, but not resected (c). The superficial and deep deltoid fasciae must be spared at all costs and not be detached from the reflected parts of the deltoid muscle. Only by doing so is a later safe and stable reattachment possible. Opening of the bursa and resection of pathologically altered bursal tissues as well as a blunt freeing of intrabursal adhesions. Identification of the inferior recess of the subdeltoid bursa and palpation of the axillary nerve lying exactly at this level. 8 Traction spurs at the tip of the acromion are only resected as far as necessary to allow proper exposure. The acromion can be shortened maximally up to the level of the anterior border of the clavicle.
The resection of the humeral head is done with the help of the humeral resection guide (Fig. 6 ). The plane of resection is not based on the physiologic retroversion of the head. To obtain a maximal internal rotation, a nonanatomic retroversion between 0 and 10-is chosen. The anterior edge of the lesser tuberosity determines the extent of retroversion. The level of resection at the anterolateral head circumference lies just lateral to the border of the former supraspinatus insertion.
Subperiosteal release of the labrum at the glenoid edge and its subperiosteal circumferential freeing around the neck of the glenoid in a medial direction over a distance of approximately 1 cm. This allows assessment of the shape of the glenoid through palpation inferiorly, as the dissection extends to the insertion of the long head of the triceps. If contractures are extensive preoperatively, a selective partial or complete capsulectomy must be done. First, the course of the axillary nerve has to be identified; this is best done by palpating the nerve at the anteroinferior border of the subscapularis tendon from lateral to medial. In the presence of adhesions, a neurolysis is done with utmost care. During the remaining surgical procedure, the nerve is protected with a Langenbeck retractor.
Only through an inferior soft-tissue release can the glenohumeral center of rotation be displaced caudally enough. In addition, this release will avoid postoperative shear and compression forces, thus guaranteeing a long-term stability of the glenoid component. In the presence of contractures, a bilateral (anatomic neck and glenoid border) mobilization and, if needed, resection of the capsule are necessary. Insertion of a U-shaped Hohmann retractor at the infraglenoid tubercle helps to expose the glenoid without applying undue force.
For the proper identification of the superior and inferior pole of the glenoid, it is important to expose the base of the coracoid and the supraglenoid tubercle as well as the site of insertion of the long head of the triceps (infraglenoid tubercle).
Normally, the glenoid midpoint is determined by the intersection of both glenoid elliptic axes. In any event, the point of entry of the glenoid grooving rasp must lie sufficiently caudal so that the reaming (depending on size, 36 or 42 mm) takes place close to the triceps' insertion (see Figure 13 ). If pathologic changes have altered the glenoid anatomy, we recommend using preoperative CT and intraoperative palpation of the glenoid neck or body to assess orientation and geometry of the glenoid.
The central guide pin is positioned in such a way that it lies perpendicular to the surface of the glenoid in all planes. Any cranial angulation must definitely be avoided. In the presence of a pathologically altered glenoid anatomy, the pin should follow exactly the central glenoid axis. If such a procedure risks the removal of too much bone, the direction of the guide pin can be changed by approximately 5Y10-in the direction of the defect area. Should this entail a posterior tilt, a certain loss of postoperative degree of rotation may result. Major glenoid defects may necessitate the use of a corticocancellous graft or the abandonment of the Delta prosthesis' use ( Figs. 7 and 8) .
The central guide hole is drilled with a cannulated stop drill over the guide pin, followed by the glenoid surfacing rasp for the preparation of a smooth subchondral bone surface. The reaming must be done in such a fashion that the ring of the metaglene rests on the corticocancellous bone circumferentially with a width of 5 mm. If the diameter of the glenoid and its bony quality allow, the component size 42 should be selected. To avoid a later impingement between the humeral The metaglene is inserted without cement. The central peg is always bigger than the central drill hole, thus allowing a certain press fit. The surface of the metaglene facing the bone and the peg are coated with hydroxyapatite. It is important that the peg is exactly positioned into the hole. The plate is then driven into the glenoid with slight hammer blows. For additional fixation, 4 cancellous bone screws are used. The cranial and caudal screws are inserted divergently, their heads ensuring an angular stability. The anterior and posterior screws converge. The intraosseous course of the inferior screw should be as long as possible along the lateral border of the scapula, and the superior screw should find a stable purchase in the base of the coracoid.
Progressive widening of the canal with humeral reamers either until a cortical contact is achieved distally or until the maximal metaphyseal diameter at the level of the plane of resection has been reached proximally. If a distal cortical contact cannot be achieved with the biggest reamer (#4), the humeral component should be cemented.
After insertion of the guiding template, which consists of a head part and a diaphyseal stem (diameter depending on the diaphyseal reaming), the epiphysis is widened with a corresponding proximal humeral reamer. If a 42 glenosphere is chosen, the reaming of the epiphysis has to be done up to size 42. The guiding template is inserted in the same position of retroversion as that chosen during the resection of the humeral head. The trial components of appropriate size can now be implanted (Figs. 9 and 10 ). This is followed by testing the range of motion, stability, and soft-tissue tension. The soft-tissue tension must be chosen in such a way that during adduction abnormal muscle tension of the nonrelaxed patient in the anterior and middle part of the deltoid as well as in the short head of the biceps is felt. The proper extent of soft-tissue release must be checked. If the soft-tissue tension remains too high, an additional soft-tissue release should be done. If this proves to be insufficient, more resection of epiphysis and a deeper implantation of the humeral component must be considered. If the soft-tissue tension is too low and/or if an anteroposterior instability in adduction persists, a modular humeral spacer must be inserted to lengthen the epiphyseal component. Another possibility is a less deep cemented insertion of the shaft component to achieve proper tension. To some degree, the perfect tensioning could be optimized with the height of the PE-liner, which comes in 3 different heights (3, 6 , and 9 mm).
The first step consists of screwing the glenosphere into the metaglene. Of importance is the exact positioning of the central fixation bolt (1). This is followed by the insertion of the humeral component that is assembled in a modular fashion depending on the size of the dia-and epiphyseal humeral reaming. Modular components are available for cemented and cementless implantation. The latter should be chosen only when a sufficient cortical contact in the diaphysis and an adequate resistance against rotation through strong cancellous metaphyseal bone are present. During the implantation of the humeral component, the proper degree of retroversion should be checked again. The PE inlay is now attached to the humeral component. If during final insertion of the humeral component the height relationship is different from the trial implantation, the soft-tissue tension should be checked again with the trial inlay, before choosing the definitive PE-liner (Figs. 11 and 12 ).
Insertion of a suction drain into the axillary recess. Reattachment of the parts of the deltoid detached from the anterior acromion with deep, figure-of-8 sutures. These sutures should grasp the superficial and the deep deltoid fascia as well as the preserved coracoacromial ligament and fix these structures either to the cranial acromial periosteum or to the acromion through transosseous nonresorbable sutures (Fig. 13) . • Intermediate resting of the arm on an abduction pillow for 3Y4 weeks.
• 1stY6th weeks: active-assisted exercises: elevation and abduction as far as tolerated; external rotation with the arm at the side to 45-; external rotation unlimited after 4th postoperative week; internal rotation in adduction up to 60-; internal rotation to the back from 5th week on; no external rotation and extension for 4 weeks; mobilization and stabilization of scapula starting immediately postoperatively.
• The shortened parascapular muscles (serratus anterior, rhomboids, levator scapulae, medial part of trapezius) are mobilized manually and stretched (postisometric relaxation). They are strengthened by isometric and isotonic exercises against resistance. • Normal use of the arm below the horizontal plane starting during week 3; no resistance exercises before the end of the 6th week.
• Strengthening exercises of the deltoid are started after 6 weeks.
• Careful increase of resistance exercises depending on the regained strength of the deltoid. Avoid any effort. Continued strengthening of deltoid and stabilization of scapula for 3Y6 months (swimming, Thera-band exercises) while paying attention to proper scapular mobilization.
• X-ray-control on day 1, and after 6 weeks and 6 months ( Figs. 14 and 15 ).
m ERRORS, HAZARDS, AND COMPLICATIONS
• Separation of the glenosphere from the metaglene; the proper screw fixation of the glenosphere needs careful attention. In case of loosening, immediate revision and exchange of glenosphere are necessary (Fig. 16 ).
• Injury to the anterior branches of the axillary nerve; meticulous intraoperative identification and protection with Langenbeck retractors, avoidance of excessive pull and leverage.
• Stretching of the lower parts of the brachial plexus, particularly since the caudal displacement of the center of rotation; latent nerve compression syndrome, such as sulcus ulnaris syndrome, may become apparent postoperatively. In one patient this led to a reflex sympathetic dystrophy inside 8 weeks. During surgery care has to be taken to free perineural adhesions sufficiently. Postoperative positioning with the arm in 30-flexion, abduction, and internal rotation to relax the neural structures. • Loosening of prosthetic components: if the intraoperative stability is in doubt, use cement fixation.
• Late deep infection: contamination due to previous surgery, or repeated corticosteroid injections, large spaces, and absent soft-tissue coverage around the proximal prosthetic parts may be the cause. To avoid this complication, we recommend the use of antiseptic sticky foils, intraoperative swabs for the identification of dormant germs, and a sufficient perioperative antibiotic administration. If the result of culture and sensitivity is positive, specific antibiotic therapy until normalization of C-reactive protein.
• Anteroposterior instability in adduction: due to the geometry of the prosthesis, the overlap of the joint surfaces in this position is low and, consequently, also the contact between the opposing surfaces. If the anteroposterior stability is questionable, a retentive PE implant (raised edges) should not be used. The edge thickness of this PE implant is so small that a PE cold flow and wear can rapidly occur at the inferior region. If the stability is in question, use implants with a greater radius (42-mm components) or increase the tension of the deltoid muscle through the use of a higher riding humeral component (Fig. 17 ).
• Dehiscence of the deltoid muscle due to a too early increase of the range of motion (extension and internal rotation behind the frontal plane) as well as too early exercises against resistance: immediate revision and reattachment of muscle.
• Bouts of pain at the insertion of the deltoid muscle secondary to vigorous use of the limb during the first 6 months: temporary suspension of exercises and positioning of the arm on an abduction pillow. Depending on the condition of the deltoid, the patient should be weaned off the abduction pillow starting at the 4thY5th week (Fig. 18 ). 
Setup of Prospective Study
All patients underwent the following examinations preoperatively and at 3, 6, 12, 24, and 36 months postoperatively: active and passive range of motion, Constant Score, 1 and Simple Shoulder Test (SST) according to Matsen and Smith 10 ( Table 2 ). The preoperative radiologic examination included ap, outlet, and axial views, and, if indicated, an arthro-MRI. If the glenoid morphology could not be assessed adequately, a CT was done. 
Techniques in Shoulder and Elbow Surgery
At the various intervals of follow-up ap, axial, and outlet views were done. In addition, the dynamics of active abduction in the scapular plane was observed under fluoroscopy. The position of the arm at the beginning and the end of abduction was documented and the maximal range of glenohumeral abduction was calculated (ie, radiologic glenohumeral range of motion).
The file and radiographs of at least one follow-up examination were available for all patients.
Moreover, most patients underwent a complete clinical and radiologic examination between August and October 2004.
m RESULTS Ninety-eight percent of patients would agree to repeat surgery. Average Constant Score adjusted to age and gender was 90.1%, and it was 97% for patients not having undergone previous surgery. All patients reported complete or almost complete pain relief. In all cases in which the deltoid muscle was not damaged during previous surgery, a good improvement of power and function could be obtained. All functional parameters were normal for the patient's age, with the exception of a slight limitation of internal rotation (average L5). The abduction power was a little less than the opposite side but corresponded in general to agespecific values.
The radiologic glenohumeral range of motion depended on the number of previous operations and varied on average from 20-to 50-.
A breakdown of the functional parameters of the Simple Shoulder Test can be found in Table 2 .
During the follow-up period, 19.5% patients with small (grade 1 or 2) inferior glenoid erosions at earlier follow-up developed high grade inferior glenoid notching reaching or surpassing the inferior screw (grade 3 or 4); 2 (1 septic, 1 aseptic) glenoid base plate loosening occurred.
Only a low grade inferior glenoid notching (1Y2-) was noted radiologically in 24.5% at earlier follow-up (mean FU period 18.2 months). At later follow up (mean 39 months), 80.5% disclosed low grade inferior glenoid notching.
The overall complication rate was 11%. The peri-and postoperative observed complications are listed in Table  3 . There were no axillary nerve damage, no dislocation, and no secondary deltoid muscle detachment observed.
m POSSIBLE CONCERNS AND FUTURE OF THE TECHNIQUE
The short and midterm results of this new biomechanically structured reversed prosthesis are very encouraging. The limited-goal-criterias according to Neer are easily reached. The degree of pain relief and the improvement of function are significantly higher than achieved with conventional hemiarthroplasty or hemiarthroplasty with specific head components for cuff tear arthropathy (CTAi-head, DePuy Inc., Warsaw, IN, USA). The essential importance of stable fixation of the cementless glenoid base plate (BMetaglene^) required a perfect exposure of the glenoid bone stock. This is best achieved by the superior approach. Design related inferior glenoid bone erosion could be observed in some cases very early and nearly in all cases after 5 years. In about 20% these erosions are progressive and are suspect for threatening glenoid loosening. Therefore, this brilliant biomechanical idea for prosthetic treatment of cuff tear arthropathy needs optimizing of the position of the glenoid component and of the prosthesis design to avoid mechanical conflict at the inferior glenoid pole as far as possible. Due to the lack of long term results, we recommend a very close indication for this type of prosthesis only for type IIb cuff tear arthropathy according to our classification and/or for people older than 70 (75) years.
m REFERENCES
